SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 



[0001] This application is based on Japanese Patent Application No. 2003- 
050643 filed on February 27, 2003, the contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0002] The present invention relates to a semiconductor integrated circuit 
device that employs a MOS transistor, and in particular to a semiconductor 
integrated circuit device that is so configured as to prevent generation of a reverse 
current in a MOS transistor. 

Description of the Prior Art 

[0003] In a semiconductor integrated circuit device, there is often included a P- 
channel MOS transistor Ml having a supply voltage Vdd applied to a P-type 
diffusion layer and a backgate thereof as shown in Fig. 4A. As shown in Fig. 4B, 
this MOS transistor Ml is provided with P-type diffusion layers 11 and 12, an N- 
type diffusion layer 14 functioning as a backgate, and a gate formed on the surface 
of an N-type well layer 10 with an insulating film 13 laid in between. Here, the P- 
type diffusion layer 11, the N-type well layer 10, and the N-type diffusion layer 14, 
i.e., the backgate, together form a PN junction that functions as a parasitic diode Dx. 

[0004] Thus, when the MOS transistor Ml is reversely biased, a reverse current 
flows from the P-type diffusion layer 11 through the parasitic diode Dx to the P- 



type diffusion layer 12 and to the N-type diffusion layer 14. To prevent this 
reverse current, as shown in Fig. 4C, in the path leading from the P-type diffusion 
layer 12 and backgate of the MOS transistor Ml to the supply voltage Vdd, there is 
often provided a diode Da having the supply voltage Vdd applied to the anode 
thereof. Inconveniently, however, this diode provided for protection against a 
reverse current causes a voltage loss. 

[0005] There has conventionally been proposed an output stage circuit wherein 
a reverse current is prevented without causing a voltage loss as is caused by an 
anti-reverse-current diode as described above (Japanese Patent Application No. 
H10-341141). In the output stage circuit proposed in this publication, a switch is 
provided in the path leading from the source and backgate of a P-channel MOS 
transistor to the supply voltage so that, when a supply voltage monitoring cirucit 
recognizes a drop in the supply voltage, the switch is turned off to thereby prevent 
a reverse current. 

[0006] However, the supply voltage monitoring circuit provided for protection 
against a reverse current according to the Japanese Patent Application No. H10- 
341141 mentioned above is composed of inverters or NAND gates and thus, when it 
is operating normally, a P-channel MOS transistor that functions as the switch is 
kept on by receiving at the gate thereof a ground voltage from the supply voltage 
monitoring circuit. That is, while in use, the P-channel MOS transistor used as 
the switch keeps continuously receiving at the gate thereof the ground potential, 
and this makes the P-channel MOS transistor used as the switch susceptible to 
breakdown. To prevent breakdown, it is necessary to set the supply voltage Vdd 
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to be lower than the withstand voltage, and this limits the application of such a 
configuration. 

SUMMARY OF THE INVENTION 
[0007] An object of the present invention is to provide a semiconductor 
integrated circuit device that operates in a wider supply voltage range without 
being susceptible to breakdown. 

[0008] To achieve the above object, according to one aspect of the present 
invention, a semiconductor integrated circuit device is provided with: a first MOS 
transistor having a first backgate region, a first conductive region, and a second 
conductive region, and having the first backgate region and the first conductive 
region thereof connected together; a second MOS transistor having a second 
backgate region, a third conductive region, and a fourth conductive region, having 
the second backgate region and the third conductive region thereof connected to 
the first backgate region and the first conductive region of the first MOS transistor, 
and receiving at the fourth conductive region thereof a first direct-current voltage; a 
voltage setting circuit setting a second direct-current voltage fed to the gate of the 
second MOS transistor; and an anti-reverse-current element receiving the first 
direct-current voltage or a third direct-current voltage produced from the first 
direct-current voltage, and connected to the voltage setting circuit in such a way as 
to prevent a reverse current from flowing through the voltage setting circuit. Here, 
the voltage setting circuit produces, according to the first direct-current voltage or 
the third direct-current voltage, the second direct-current voltage within the 
withstand voltage range of the second MOS transistor. 



[0009] In this configuration, in a reversely biased state, the anti-reverse-current 
element prevents a reverse current from flowing through the voltage setting circuit. 
Thus, the voltage setting circuit does not output a voltage within the driving range 
of the second MOS transistor, and this causes the second MOS transistor to be 
turned off. Moreover, the second direct-current voltage is so adjusted as to be 
within the withstand voltage of the second MOS transistor. Thus, the second 
direct-current voltage is made commensurate with the voltage applied to the 
second MOS transistor, and this prevents the breakdown of the second MOS 
transistor. 

[0010] According to another aspect of the present invention, a semiconductor 
integrated circuit device is provided with: a first MOS transistor of a P-channel type 
having a backgate and a first P-type diffusion layer thereof connected together; a 
second MOS transistor of a P-channel type having a backgate and a third P-type 
diffusion layer thereof connected to the backgate and the first P-type diffusion layer 
of the first MOS transistor, and receiving at a fourth P-type diffusion layer thereof a 
first direct-current voltage; a voltage-division resistor circuit having one end thereof 
grounded, and feeding, as a second direct-current voltage, a division voltage 
produced thereby to the gate of the second MOS transistor; and a diode receiving at 
the anode thereof the first direct-current voltage or a third direct-current voltage 
produced from the first direct-current voltage, and having the cathode thereof 
connected to the other end of the voltage-division resistor circuit. Here, the 
second direct-current voltage from the voltage-division resistor circuit is kept 
within the withstand voltage range of the second MOS transistor according to the 
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first direct-current voltage or the third direct-current voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] This and other objects and features of the present invention will become 
clear from the following description, taken in conjunction with the preferred 
embodiments with reference to the accompanying drawings in which: 

Fig. 1 is a block circuit diagram showing the configuration of a 
semiconductor integrated circuit device embodying the present invention; 

Fig. 2 is a circuit diagram showing, in more detail, an example of the circuit 
configuration shown in Fig. 1; 

Fig. 3 is a sectional view showing the structure of a MOS transistor having a 
DMOS structure; and 

Figs. 4A to 4C are diagrams showing the configuration and structure of a 
conventional semiconductor integrated circuit device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0012] Hereinafter, an embodiment of the present invention will be described 
with reference to the drawings. Fig. 1 is a circuit block diagram showing the 
internal configuration of a semiconductor integrated circuit device embodying the 
invention. 

[0013] The semiconductor integrated circuit device shown in Fig. 1 is provided 
with a P-channel MOS transistor Ml having a DMOS structure; an operational 
amplifier A of which the output terminal is connected to the gate of the MOS 
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transistor Ml; a MOS transistor M2 of which a conductive terminal 7y and a 
backgate are connected to a conductive terminal 7x and a backgate of the MOS 
transistor Ml; a voltage setting circuit 1 that applies a predetermined voltage Vx to 
the gate of the MOS transistor M2; and an anti-reverse-current element 2 that 
prevents a reverse current from flowing out of the voltage setting circuit 1. The 
voltage that appears at another conductive terminal 6x of the MOS transistor Ml is 
fed, as an output voltage, to an external load. 

[0014] A supply voltage Vdd is fed to the anti-re verse-current element 2, and to 
another conductive terminal 6y of the MOS transistor M2. The operational 
amplifier A has the non-inverting input terminal thereof connected to the 
conductive terminal 6x of the MOS transistor Ml, and receives at the inverting 
input terminal thereof a voltage Vref. In the MOS transistor Ml, a parasitic diode 
Dxl is formed from the conductive terminal 6x to the backgate, and, in the MOS 
transistor M2, a parasitic diode Dx2 is formed from the conductive terminal 6y to 
the backgate. These parasitic diodes Dxl and Dx2 have the cathodes thereof 
connected together. The reason that the MOS transistor Ml is given a DMOS 
structure is that it needs to have a withstand voltage so high as to withstand the 
comparatively high supply voltage Vdd. In a case where the supply voltage Vdd is 
not so high, a common P-channel MOS transistor may be used instead. 

[0015] In the semiconductor integrated circuit device configured as described 
above, as shown in Fig. 2, the anti-reverse-current element 2 is built with a diode 
Dl having the supply voltage Vdd applied to the anode thereof, and the voltage 
setting circuit 1 is built with voltage-division resistors Rl and R2. Here, in the 



voltage setting circuit 1, one end of the resistor Rl is grounded, one end of the 
resistor R2 is connected to the cathode of the diode Dl, and the node between the 
resistors Rl and R2 is connected to the gate of the MOS transistor M2. 

[0016] The MOS transistors Ml and M2 are each a MOS transistor having a 
DMOS structure as shown in a schematic sectional view in Fig. 3. Specifically, 
the MOS transistor Ml is provided with a P-type diffusion layer 6a (corresponding 
to the conductive terminal 6x shown in Figs. 1 and 2) formed in an N-type well 
layer 5 formed on a P-type semiconductor substrate 4; and P-type diffusion layers 
7a and 7b (corresponding to the conductive terminal 7x shown in Figs. 1 and 2) 
likewise formed in the N-type well layer 5. A gate is formed so as to cover the 
portion of the surface of the N-type well layer 5 located between the P-type 
diffusion layers 6a and 7a with an insulating film 8 laid in between. Moreover, 
between the P-type diffusion layers 7a and 7b, there is formed an N-type diffusion 
layer 9a functioning as a backgate, which is electrically connected to the P-type 
diffusion layers 7a and 7b. In this structure, the P-type diffusion layers 7a and 7b 
are formed in the same layer and in such a way as to surround the N-type diffusion 
layer 9a functioning as the backgate. 

[0017] On the other hand, the MOS transistor M2 is provided with a P-type 
diffusion layer 6b (corresponding to the conductive terminal 6y shown in Figs. 1 
and 2) and P-type diffusion layers 7c and 7d (corresponding to the conductive 
terminal 7y shown in Figs. 1 and 2), all formed in the N-type well layer 5. A gate 
is formed so as to cover the portion of the surface of the N-type well layer 5 located 
between the P-type diffusion layers 6b and 7c with an insulating film 8 laid in 



between. Moreover, between the P-type diffusion layers 7c and 7d, there is 
formed an N-type diffusion layer 9b functioning as a backgate, which is electrically 
connected to the P-type diffusion layers 7c and 7d. In this structure, the P-type 
diffusion layers 7c and 7d are formed in the same layer and in such a way as to 
surround the N-type diffusion layer 9b functioning as the backgate. The P-type 
diffusion layers 7b and 7d do not necessarily have to be formed in the same layer. 

[0018] When the semiconductor integrated circuit device configured as 
described above is operating normally, the MOS transistor M2 receives at the gate 
thereof a voltage Vx from the voltage setting circuit 1 and is thereby turned on. 
Here, the voltage setting circuit 1 has the resistances of its constituent resistors Rl 
and R2 so adjusted as to produce, as a division voltage, the voltage Vx such that the 
potential difference of the voltage Vx from the supply voltage Vdd is greater than 
the threshold voltage Vth between the gate and conductive terminal 7y of the MOS 
transistor M2 and is simultaneously lower than the breakdown voltage VB of the 
MOS transistor M2. Specifically, the division voltage Vx is so adjusted as to fulfill 
0 < Vx < Vdd - Vth and Vdd - Vx < VB. 

[0019] When the MOS transistor M2 is turned on in this way, the MOS 
transistor Ml receives at the conductive terminal 7x and backgate thereof a voltage 
lower than the supply voltage Vdd by the voltage drop across the on-state 
resistance of the MOS transistor M2. Moreover, the MOS transistor Ml is 
controlled by the operational amplifier A so as to output, as an output voltage, the 
voltage that appears at the conductive terminal 6x of the MOS transistor Ml. 
Moreover, the operational amplifier A compares the voltage that appears at the 



conductive terminal 6x of the MOS transistor Ml with the reference voltage Vref to 
control the gate voltage of the MOS transistor Ml so that the voltage that appears at 
the conductive terminal 6x of the MOS transistor Ml remains constant. 

[0020] Here, by setting the on-state resistance of the MOS transistor M2 to be 
lower than 0.1 [Q], even if a current as large as 5 [A] flows through the MOS 
transistor M2, the voltage drop across it can be reduced to 0.5 [V], which is lower 
than the voltage drop 0.7 [V] across the diode Da shown in Fig. 4A. 

[0021] When the semiconductor integrated circuit device configured as 
described above is reversely biased by accident, and the supply voltage Vdd 
becomes lower than the ground voltage, in the first place, the diode Dl functioning 
as the anti-reverse-current element 2 permits no current to flow, and thus prevents 
a current from flowing into the voltage setting circuit 1 from the ground voltage 
side. Accordingly, the ground voltage appears at the node between the resistors 
Rl and R2, and this ground voltage is fed, as the output voltage Vx of the voltage 
setting circuit 1, to the gate of the MOS transistor M2. 

[0022] At this time, the supply voltage Vdd, which is now lower than the ground 
voltage due to the reversely biased state, is applied also to the conductive terminal 
6y of the MOS transistor M2. Thus, the MOS transistors Ml and M2 remain off. 
At this time, although the parasitic diode Dxl is formed in the MOS transistor Ml, 
the parasitic diode Dx2 formed in the MOS transistor M2 prevents a current from 
flowing from the conductive terminal 7y and backgate of the MOS transistor M2 to 
the conductive terminal 6y thereof. This prevents a reverse current from flowing 
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through the parasitic diode Dxl. 



[0023] In this configuration, when the MOS transistor M2 is operating, the 
voltage applied to the gate thereof is adjusted according to the supply voltage 
applied to the conductive terminal 6y thereof by the voltage setting circuit 1 so as 
not to be so high as to cause the breakdown of the MOS transistor M2. That is, the 
voltage setting circuit 1 adjusts the voltage fed to the gate of the MOS transistor M2 
in such a way that it becomes higher or lower as the supply voltage applied to the 
conductive terminal 6y of the MOS transistor M2 becomes higher or lower, 
respectively. 

[0024] In this embodiment, the voltage applied to the anti-reverse-current 
element 2 and the voltage applied to the conductive terminal 6y of the MOS 
transistor M2 are equal, namely Vdd. These voltages, however, do not need to be 
equal; that is, different voltages may be applied to the anti-reverse-current element 
2 and to the conductive terminal 6y of the MOS transistor M2. This is achieved, 
for example, by providing a regulator that receives a single supply voltage Vdd, 
converts it into different voltages Vddl and Vdd2, and then feeds them to the 
anode side of the anti-reverse-current element 2 and to the conductive terminal 6y 
of the MOS transistor M2, respectively. The anti-reverse-current element 2 may 
be built with a plurality of diodes, or with a diode-connected transistor. A similar 
circuit configuration can be realized by using, as the MOS transistor Ml, an N- 
channel MOS transistor instead of a P-channel MOS transistor. 

[0025] According to the present invention, in a reversely biased state, a reverse 
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current through a parasitic diode formed in a first MOS transistor is prevented by a 
parasitic diode formed in a second MOS transistor. Moreover, in the reversely 
biased state, an anti-reverse-current element prevents a reverse current through a 
voltage setting circuit This makes it possible to turn the second MOS transistor 
off and thereby prevent a reverse current in a semiconductor integrated circuit 
device. Furthermore, the voltage setting circuit feeds the second MOS transistor 
with a second direct-current voltage that is within the withstand voltage range of 
the second MOS transistor. This helps to prevent the breakdown of the first and 
second MOS transistors. Moreover, this second direct-current voltage can be 
adjusted according to the supply voltage. This makes it possible to prevent the 
breakdown of the first and second MOS transistors irrespective of the level of the 
supply voltage. 
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